The structure of atomic nuclei is known to be largely dominated by the single-particle shell effects. For instance, basic nuclear properties such as binding energies and shapes depend strongly on the underlying shell structure. The study of nuclei beyond the valley of stability helps one to understand the way single-particle energies evolve when one goes away from stable nuclei to the neutron and proton drip lines. Such evolutionary studies facilitate more precise predictions of the limit of existence of nuclear species. In the case of light nuclei, the rapid change in the location of the neutron drip line between the O and F isotopes is still not understood. The neutron drip line seems to be reached at N=16 in O isotopes, whereas in the neighbouring F isotopes it has been found to extend up to N = 22 [1, 2] . Obviously, the understanding of how shell structure evolves when going from oxygen to fluorine nuclei would shed light on how the nuclear force can facilitate the binding of six neutrons by the addition of a single proton as in 31 F. Excited states in the neutron-rich O isotopes were previously reported by Catford et al. [3] using transfer reactions. The first excited 2 + state of the N = 14 nucleus 22 O is 3190 keV [4, 5] . This is almost two times higher than in the adjacent N = 10 and 12 nuclei and therefore indicates the presence of a N = 14 (sub)shell closure. This finding is also supported by the B(E2) value deduced from the inelastic scattering experiments of Ref. [5] . While the systematics of the first excited 2 + in neon isotopes show the disappearance of the N = 20 shell closure, a new shell effect at N = 16 seems to appear [4] . This new N = 16 gap in the sd-shell nuclei is also substantiated by neutron separation energies deduced from mass measurements [6] .
In-beam γ-ray spectroscopy using fragmentation reactions of both stable and radioactive beams has been performed in order to study the structure of excited states in neutron-rich oxygen isotopes with masses ranging from A = 20 to 24. For the produced fragments, γ-ray energies, intensities, and γ-γ coincidences have been measured. Based on this information new level schemes are proposed for O, are in excellent agreement with predictions made nearly 20 years ago using the USD effective Hamiltonian. The T = 1 part of the USD Hamiltonian, which is responsible for this behaviour is essentially different from that predicted from the renormalized G matrix and the reason for the difference is not understood. It appears that while the N = 16 shell gap turns out to be larger than 3 MeV in the heaviest oxygen isotopes, it is only of the order of 1 MeV in the silicon and magnesium isotopes. This can be accounted for by considering the role of the strong n-p monopole interaction acting between the two spin-orbit partners πd5/2 and νd3/2 [22] . As the d5/2 proton orbital is emptied this interaction is released and the d3/2 neutron orbital is shifted towards the fp-shell decreasing in the same time the N = 20 shell gap and increasing the N = 16 gap. This evolution of the neutron d3/2 orbital is complete in the oxygen isotopes where the πd5/2 orbital is empty, making the N = 16 shell gap relatively larger. Such a large N =16 gap in oxygen isotopes is probably the reason why heavier isotopes having N = 18 and 20 are neutron unbound (as the νd3/2 lies at a higher energy than in Mg and Si nuclei). Further studies should be performed to detect the neutron decay of the particle-unbound states of 23, 24 O or by using transfer reactions in order to firmly establish the energy of the first excited states in these nuclei and consequently determine the size of the N = 16 gap in oxygen. The determination of the size of the N = 16 gap in F and Ne is also important in order to complete the study of the single-particle evolution and its effect on the drip-line location in this region.
